INTRODUCTION
============

Adenomyomatosis (ADM) of the gallbladder (GB) is a relatively common disease with an incidence of 2-5% among specimens obtained from patients at cholecystectomy ([@B1]-[@B4]). It is pathologically defined as an epithelial proliferation and hypertrophy of the GB muscularis with an outpouching of the mucosa into the thickened muscular layer (Rokitansky-Aschoff sinus) ([@B2], [@B4]). Three morphologic types of ADM of the GB are known; diffuse, segmental and fundal ([@B1]-[@B4]). The differentiation from GB cancer is still required because of the similarity in the appearance between ADM and GB cancer, although many studies have reported imaging findings of ADM of the GB using ultrasound (US), computed tomography (CT), and magnetic resonance imaging (MRI) ([@B5], [@B6]).

According to a report published in 2001, conventional US was inferior to helical CT and MRI with the half-Fourier rapid acquisition with relaxation enhancement (RARE) technique for the differentiation of ADM and GB cancer ([@B7]). However, there have been striking developments in the US imaging technology since the beginning of the 2000s. These technological developments include harmonics, compounding techniques and speckle reduction imaging. These techniques are well known to significantly enhance contrast and spatial resolution and reduce artifacts and noise ([@B8]-[@B10]) and are all available in low-MHz convex and high-MHz linear transducers. Also the use of higher MHz is helpful for the further enhancement of the spatial resolution.

Recently, the concurrent use of these advanced techniques and high-MHz imaging (high-resolution US, HRUS) was reported as more useful for the differentiation between ADM and GB cancer than the conventional US because the combination is better to demonstrate intramural cysts and echogenic areas within the thickened GB wall ([@B11]). However, to the best of our knowledge, no published studies have compared the diagnostic performance of HRUS with that of CT and MRI for differentiating ADM and GB cancer yet. Therefore, the purpose of this study was to compare the diagnostic performance of HRUS with contrast-enhanced CT and contrast-enhanced MRI with MR cholangiopancreatography (MRCP) for the differentiation of ADM and GB cancer.

MATERIALS AND METHODS
=====================

Patients
--------

This study was approved by our institutional review board and an informed consent was not required. Between January 2006 and January 2012 a total of 3133 patients underwent preoperative HRUS and subsequent a cholecystectomy. Among them, 168 patients underwent within 3 month HRUS, contrast-enhanced CT and contrast-enhanced MRI with MRCP due to GB diseases. Among the 168 patients, for 40 patients either ADM (n = 13) or gallbladder cancer at stage T2 or lower without lymph node or distant metastasis (n = 27) was pathologically confirmed. Only subjects with GB cancers at stage T2 or lower without lymph node or distant metastasis were included because this type of GB cancer is the principle type where the differentiation from ADM is difficult.

The ADM group (n = 13) consisted of 5 males and 8 females with a mean age of 61.8 years (range, 34-84 years). The group included two patients with a generalized involvement of the GB wall, four with segmental involvement and seven with a fundal involvement. The indications for the surgery of a ADM were either a symptomatic ADM (n = 5) or difficulties in the differentiation between ADM and GB cancer by imaging findings (n = 8). The GB cancer group (n = 27) consisted of 13 males and 14 females with a mean age of 65 years (range, 52-82 years). Four patients presented T1a tumors, two presented T1b tumors, and the remaining 21 presented T2 tumors with respect to the T staging. In the GB cancer group were included two patients with the wall-thickening type, 19 with the polypoid type, one with the lumen-replacing type and five with a combination of the wall-thickening and polypoid types.

Imaging
-------

### HRUS

All patients underwent transabdominal HRUS using a LOGIQ 9 scanner (GE Healthcare, Milwaukee, WI, USA) performed by two abdominal radiologists with more than 10 years of experience in abdominal US. The US examination process is described below. First, the GB was examined by the intercostal and/or subcostal approach using a convex probe (4C, bandwidth 1.5-4.5 MHz) with real-time spatial compound imaging techniques (3 compound beams per scanning frame), a mild degree of speckle reduction techniques and harmonic imaging techniques.

Then, the GB was evaluated using a linear probe (7L, bandwidth 2.5-7.0 MHz). To exactly evaluate the GB with the linear probe, real-time spatial compound imaging techniques (3 and 5 compound beams per scanning frame) and a mild degree of speckle reduction techniques with or without harmonic imaging techniques were used. In 34 of the 40 patients (8 with ADM and 26 with cancer color Doppler studies were used) to visualize color Doppler twinkling artifacts or to demonstrate the vascularity of the lesion. In six patients (five with ADM and one with GB cancer), color Doppler studies were not available.

### Contrast-Enhanced CT

Various multidetector CT (MDCT) scanners were used, including in 10 patients the Brilliance 64 (64 channels, Philips Healthcare, Cleveland, OH, USA); in 8 patients the Somatom Definition (64 channels, Siemens Medical Solutions, Forchheim, Germany); in 18 patients the Sensation 16 (16 channels, Siemens Medical Solutions, Forchheim, Germany) and in 4 patients the LightSpeed Ultra (8 channels, GE Healthcare, Milwaukee, WI, USA). The arterial and portal venous phases were obtained in 36 patients after the injection of 120 mL of nonionic contrast material (iopromide, Ultravist 370, Bayer Schering Pharma) through an 18-gauge angiographic catheter at a of 3-4 mL/s rate administered with an automatic power injector. In 4 patients was the portal venous phase obtained alone.

The scanning parameters for the MDCT scanners were as follows: a gantry rotation time of 0.5-0.75 seconds; 4 × 2.5 mm, 8 × 1.25 mm, 16 × 0.75 mm or 64 × 0.625 mm detector configuration; 2.5-3.2 mm slice thickness; pitch of 0.891-1.75; 3-mm reconstruction interval for each phase; 150-200 mAs; 120 kVp; and a 512 × 512 matrix. Coronal and sagittal multiplanar reformation images with a 3-mm reconstruction interval were made by an expert technician. The scan delay for the arterial phase was 15-19 seconds after the achievement of 100-Hounsfield unit attenuation of the descending aorta measured with a bolus-tracking technique ([@B12]). A 30- to 33-second scan delay after the arterial phase acquisition was used for the portal venous phase acquisition.

### Contrast-Enhanced MRI with MRCP

All MRI was performed on a 3-T superconducting system (Verio, Siemens Medical Solutions, Erlangen, Germany, n = 19) and on a 1.5-T superconducting system (Signa Excite HDX, GE Medical Systems, Milwaukee, WI, USA, n = 19; Sonata, Siemens Healthcare, or Magnetom Vision, Siemens Healthcare, Berlin, Germany, n = 6) with a phased-array torso coil.

All patients underwent contrast-enhanced MRI including MRCP. The MRI sequence consisted of baseline images and contrast-enhanced dynamic images. For baseline MR images were performed a T2-weighted single-shot fast spin-echo or half-Fourier acquisition single-shot turbo spin-echo (HASTE) sequence (repetition time \[TR\]/echo time \[TE\], 700-982/92-102; flip angle, 90-150°; echo-train length, 1 \[1.5T SignaExite\] or 256; matrix size, 320-384 × 256-307; slice thickness, 7 mm), breath-hold T1-weighted gradient-recalled echo in-phase (TR/TE 4-170/2.3-5.0; flip angle, 9-70°; echo-train length, 1; matrix size, 256-320 × 167-285; slice thickness, 7 mm) and out-of-phase (TR/TE 4-170/1.3-2.4; flip angle, 9-70°; matrix size, 256-320 × 167-285; slice thickness, 7 mm) sequences. The field of view was 320-380 mm and was adjusted according to the patient size.

Magnetic resonance cholangiopancreatography examinations were obtained with a thick-slab, T2-weighted fast spin-echo sequence (TR/TE 2500-4000/909-1100; flip angle, 90-180°; echo-train length, 1 \[1.5T SignaExite\] or 256; matrix size, 256-384 × 240-256; slab thickness, 60 mm) and thin-slab multisection HASTE sequence (TR/TE 2000-4000/545-1082.8; flip angle, 90-180°; echo-train length, 1 \[1.5T SignaExite\] or 105; matrix size, 320-384 × 314-366; slab thickness, 1-2 mm) in the coronal plane. At least five thick-slab, T2-weighted fast spin-echo MRCP images were obtained with coronal and ± 15° and ± 30° oblique coronal angles. Thin-slab, 3-D, T2-weighted array spatial sensitivity-encoding technique MRCP images were obtained by the acquisition of 15 sections per breath-hold (volume of coverage, 60 mm^3^).

After the acquisition of the baseline MRI and MRCP images, multiphasic dynamic images composed of the arterial, portal and equilibrium phases were obtained with a chemically selective, fat-suppressed spoiled 3-D gradient-recalled echo MR sequence after an IV injection of 0.1 mmol/kg gadobenate dimeglumine (MultiHance, Bracco SpA, Milan, Italy) at an injection rate of 2 mL/s. After the contrast administration, the arterial, portal and equilibrium phase images were obtained at 20-35 seconds, 45-60 seconds and 3 minutes, respectively. The imaging parameters of the fat-suppressed, 3-D gradient-recalled echo sequence were as follows: TR/TE 3.4-4.9/1.2-2.3; flip angle, 10-12°; matrix size, 320-384 × 179-307 with a three-fourths rectangular field of view; array spatial sensitivity-encoding technique with an acceleration factor of 2; number of signals acquired, 1; and 36-40 partitions interpolated to 72-80 for an effective slice thickness of 2.8-5.0 mm. All images were obtained in the transverse plane and an additional coronal image was obtained after the acquisition of the portal phase image.

Image Analysis
--------------

The patient informations on the images were removed and the HRUS, CT, and MRI with MRCP images were separated and randomly assigned to two experienced abdominal radiologists with 17 and 8 years of experience in abdominal radiology regardless of the imaging type. To avoid recall bias, all included images were independently reviewed on a Picture Archiving Communication System workstation monitor (m-view; Infinitt, Seoul, Korea), 4 months after last study had been performed. The radiologists were blinded to the radiology report and histopathologic diagnosis. However, they were aware of the study\'s purpose to differentiate between ADM and GB cancer.

Diagnostic criteria for ADM on HRUS were as follows: the definite presence of intramural cysts indicating Rokitansky-Aschoff sinuses; intramural echogenic spots, representing intramural calcification; or cholesterol deposits in the Rokitansky-Aschoff sinuses ([@B13]-[@B17]). Diagnostic criteria for ADM on CT were as follows: the presence of the Rosary sign (enhancing mucosal epithelium with intramural diverticula surrounded by the relatively unenhanced, hypertrophied GB muscle coat), multiple intramural cysts or discrete hypoattenuating lesions ([@B16], [@B18]-[@B20]). The only diagnostic criterion for ADM on MRI was the presence of multiple intramural cysts in the thickened wall (pearl necklace sign) ([@B21]-[@B23]). On the other hand, the diagnostic criteria for GB cancer with a stage T2 or lower on HRUS, CT, and MRI were as follows: focal or diffuse mural wall thickening with a mucosal lesion and an intraluminal polypoid mass lacking the pathognomonic findings of ADM as described above ([@B24]). Typical imaging findings for ADM and GB cancer for each modality, including HRUS, CT, and MRI with MRCP, are shown in [Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}.

The reviewers scored each set of images on a five-point confidence scale based on the following criteria: 1) definite ADM (definite presence of pathognomonic signs for ADM), 2) probable ADM (probable presence of pathognomonic signs for ADM), 3) indeterminate (thickened GB wall without evidence favoring ADM or cancer), 4) probable cancer (thickened GB wall with the probable presence of a mucosal lesion and the absence of pathognomonic signs for ADM), and 5) definite cancer (thickened GB wall with the definite presence of a mucosal lesion and the absence of pathognomonic signs for ADM).

Statistical Analysis
--------------------

The two reviewers evaluated the diagnostic performance of each modality in terms of the differentiation between ADM and GB cancer with a receiver operating characteristic (ROC) curve analysis. To determine the diagnostic accuracy of each modality for the two reviewers, the area under the ROC curve (Az) value was evaluated. Factors with Az values greater than 0.80 were regarded as good diagnostic accuracy ([@B25]). The Az values of each imaging modality acquired from the ROC curves were statistically compared using the paired Z-test. The presence of ADM was regarded as a score of 1 or 2 (probable or definite ADM of the GB). Also the mean sensitivity, specificity and accuracy of each imaging modality for the diagnosis of ADM were assessed using the McNemar test with a Bonferroni correction. The degree of interobserver agreement was considered with weighted κ statistics and was interpreted as follows: poor agreement, less than 0.40; fair to good agreement, 0.40-0.75; and excellent agreement, 0.75 or greater. All statistical analyses were performed with commercially available statistical software (Medcalc, version 11.5.1, Mariakerke, Belgium). A *p* value of less than 0.05 was considered a statistically significant difference.

RESULTS
=======

For both reviewers, the Az values and ROC curves of the three modalities in the differential diagnosis of ADM and GB cancer are shown in [Table 1](#T1){ref-type="table"}. No significant difference was found in the Az values among the three modalities for each reviewer (*p* \> 0.05). Furthermore, no significant difference was found in the Az values for each imaging modality between the two reviewers (*p* \> 0.05). However, for reviewer 2 with less experience in abdominal radiology, the *p* value for the Az comparison between HRUS and CT was near 0.05 (*p* = 0.051). The interobserver agreement (κ values) between the two reviewers were 0.78, 0.66, and 0.64 for HRUS, CT, and MRI, respectively, representing good to excellent agreement.

For both reviewers, the sensitivity, specificity and accuracy of the three modalities are shown in [Table 2](#T2){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}. The mean sensitivity of MRI with MRCP (80.8%) was significantly superior to that of MDCT (50.0%) (*p* = 0.0215). However, the mean sensitivity of MRI with MRCP (80.8%) was not significantly different from that of HRUS (73.1%) (*p* \> 0.05). MDCT showed the lowest mean sensitivity (50.0%). However, the difference between HRUS and MDCT was not significant for the mean sensitivity (*p* \> 0.05). The mean specificities among the three modalities were not significantly different (p \> 0.05).

DISCUSSION
==========

The diagnostic performance of HRUS for the differentiation of ADM from GB cancer was comparable with MRI with MRCP. In a previously published study, the diagnostic performance of conventional US was inferior to CT and MRI with the half-Fourier RARE technique in diagnosing the ADM ([@B7]). However, the present study showed that the diagnostic performance of HRUS was equivalent to that of MRI for differentiating ADM from GB cancer. The improvement in diagnostic performance of US is most likely the result of the technological advances which have been utilized since 2000, such as harmonics, compounding techniques, and speckle reduction.

The demonstration of an intramural cyst within a thickened GB wall (Rokitansky-Aschoff sinus) is very critical because it is a pathognomonic imaging finding for diagnosing ADM ([Fig. 4](#F4){ref-type="fig"}) ([@B26]). To demonstrate the presence of a cyst or cystic portion in a lesion, US and MRI are known to be better than CT, especially when the cyst is small ([@B6], [@B8], [@B10], [@B21]-[@B23]). The demonstration of cystic lesions is enhanced by higher frequency, harmonics and compounding techniques ([@B10]).

In addition, the demonstration of cholesterol crystals or stones deposited in the Rokitansky-Aschoff sinuses is also very important for the diagnosis of ADM ([Fig. 5](#F5){ref-type="fig"}). In this regard, US has advantages over MRI and CT because these deposits are observed as very bright, with a comet-tail artifact and/or color-Doppler twinkling artifact on US. The depiction of these materials is enhanced with the use of higher frequency, harmonics, compounding techniques and speckle reduction due to the higher spatial and contrast resolution and reduction of noise and artifacts ([@B27], [@B28]).

Haradome et al. ([@B23]) reported in 2003 that the mean Az value for MR imaging with MRCP in differentiating between adenomyomatosis and GB cancer was 0.93 ± 0.03. The present study showed that the mean Az value for MR imaging with MRCP was 0.935 (95% confidence intervals, 0.857-0.978), which matches the result of Haradome et al.\'s study.

In 2007, Ching et al. ([@B6]) reported the diagnostic performance of CT for the differentiation between ADM and GB cancer with a sensitivity of 30% and a specificity of 93%. In the present study, one of the main reasons for the superior values of the diagnostic performance of CT (sensitivity 50.0%, specificity 98.2%) could be that a 2.5-3.2-mm slice thickness was used for all patients whereas a 5-mm or thicker slice thickness was used in 94% of the patients in Ching et al.\'s study.

For the evaluation of GB lesions in the clinical practice, HRUS offers economic efficiency and comfortable exam conditions compared to other imaging modalities, such as CT, MRI, and endoscopic ultrasonography. In addition, HRUS could become an important diagnostic modality for the differential diagnosis and staging of GB polypoid lesions and early GB cancer ([@B11]).

The present study has several limitations. First, this study excluded other diseases, such as xanthogranulomatous cholecystitis or chronic cholecystitis, which also show GB wall thickening. In addition, the readers were aware that the diagnosis was either ADM or GB cancer. Therefore the diagnostic performance of HRUS could be potentially overestimated. However, this study focused on revisiting the diagnostic performance of US for the differentiation between ADM and GB cancer, like as in a study which was published in 2001 ([@B7]). Second, this study is more likely to include more complicated cases of ADM than the cases encountered in real clinical practice. ADM is surgically proven and full imaging studies including HRUS, CT, and MRI with MRCP are performed only when patients have clinical symptoms or if there are difficulties in the differentiation of ADM from GB cancer in the imaging studies. This explains also why a small number of patients with ADM were included in this study only, even though a 6-year inclusion period was given. In the daily clinical practice, there are much larger numbers of typical ADM which can be confidently diagnosed by imaging alone without a need for surgery. Third, the morbid obesity is a significant obstacle to US. Consequently, the diagnostic performance of HRUS can vary according to the prevalence of morbid obesity in each country ([@B29]). Last, HRUS has operator-dependent and anatomical limitations. To perform HRUS correctly, sufficient experience with HRUS and a deep understanding of HRUS findings in various GB diseases are required. HRUS can be limited in evaluating the GB neck in obese patients and in evaluating the GB fundus in patients whose overlying abdominal walls are generating significant reverberation artifacts, which may lead to misdiagnosis.

In conclusion, HRUS seems to have a diagnostic performance that is comparable with MRI with MRCP, and MDCT may have the lowest sensitivity and accuracy for the differentiation of ADM from GB cancer.

This study was supported by the R&D program of MKE/KEIT (10033726, Ultrasound Multi-harmonic Imaging Techniques).

![Fundal adenomyoma of gallbladder in 62-year-old male.\
**A.** MR image with thick-slab, T2-weighted fast spin-echo sequence shows typical \"pearl necklace sign\" at fundus of gallbladder (arrows). **B.** CT image during portal venous phase demonstrates fundal abnormality with enhancing epithelium and multiple intramural cystic lesions (Rosary sign) (arrows). **C.** High resolution ultrasound image showing multiple intramural cysts (arrows) within thickened wall at fundus.](kjr-15-226-g001){#F1}

![Gallbladder body cancer (pT2) in 81-year-old female.\
**A.** MR image with T2-weighted single-shot fast spin-echo sequence shows segmental thickening (arrows) without evidence of intramural cysts at body of gallbladder. **B.** CT image during portal venous phase shows segmental wall thickening with strong contrast enhancement at body (arrows). **C.** High-resolution ultrasound image showing segmental wall thickening (arrowheads) without evidence of intramural cysts or intramural echogenic material deposition at body. Asterisks (^\*^) indicate sludge. **D.** High-resolution ultrasound image in patient with segmental adenomyomatosis shows multiple cysts and echogenic materials (arrows) within thickened walls. This image clearly shows difference between adenomyomatosis and cancer on ultrasound image.](kjr-15-226-g002){#F2}

![Bar graph displaying mean sensitivities, specificities, and accuracies of high-resolution ultrasound (HRUS), CT, and MRI for diagnosis of adenomyomatosis of gallbladder.](kjr-15-226-g003){#F3}

![Fundal adenomyoma in 72-year-old female.\
**A.** CT image during portal venous phase showing focal wall thickening with heterogeneous contrast enhancement (arrow) at fundus of GB. **B.** High-resolution ultrasound image showing focal thickening at fundus (arrowheads) containing cystic lesion (arrow), indicating presence of dilated intramural Rokitansky-Aschoff sinuses. **C.** MR image with thick-slab, T2-weighted fast spin-echo sequence demonstrating focal high signal intensity lesion (arrow), indicating presence of dilated intramural Rokitansky-Aschoff sinuses at fundus. GB = gallbladder](kjr-15-226-g004){#F4}

![Adenomyomatosis in GB fundus in 61-year-old female.\
**A.** CT image during portal venous phase showing marked wall thickening with strong contrast enhancement (arrow) at fundus of GB. There is no evidence of intramural cysts. **B.** T1-weighted MR image during portal venous phase also shows diffuse thickening at fundus with strong contrast enhancement (arrow). There is no evidence of intramural cysts on T2-weighted images (not shown). **C.** High-resolution ultrasound image shows diffuse wall thickening at fundus with multiple intramural deposition of echogenic materials (arrows) which represent intramural cholesterol crystal deposition. This finding favors diagnosis of adenomyomatosis more than GB cancer. GB = gallbladder](kjr-15-226-g005){#F5}

###### 

The Az Values of High-Resolution Ultrasound (HRUS), CT, and MR Imaging (MRI) for Diagnosis of Adenomyomatosis by Two Reviewers
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**Note.**- Data in parentheses represent 95% confidence intervals.

^\*^Paired Z-test for paired data.

###### 

Sensitivity, Specificity, and Accuracy of High-Resolution Ultrasound (HRUS), CT, and MR Imaging (MRI)
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**Note.**- Data in parentheses represent 95% confidence intervals. ^\*^There is statistically significant difference in mean sensitivity between CT and MRI (*p* = 0.0215).
